VFT performance of a 180/110 mm co-axial gap in SF6 up to 4 bar absolute by Nielsen, Shawn et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Nielsen, Shawn, Jan, Reynders, & Jandrell, Ian
(1999)
VFT performance of a 180/110 mm co-axial gap in SF6 up to 4 bar abso-
lute. In
11th International Symposium on High-Voltage Engineering (ISH 99), In-
stitution Of Electrical Engineers, Stakis Metropole Hotel, London, United
Kingdom, pp. 1-201.
This file was downloaded from: http://eprints.qut.edu.au/86676/
c© Copyright 1999 Please consult the author.
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://doi.org/10.1049/cp:19990542
VFT PERFORMANCE OF A 180/110 MM CO-AXIAL GAP IN SF, UP 
TO 4 BAR ABSOLUTE. 
' 3 . '  ' 3  ' i ' " "  ' 1  " '  " ' . I  " '  
r- 
S.D. Nielsen, J.P. Reynders and I.R. Jandrell 
A: 2.80 v study used a 180/1 lOmm co-axial gap at 1, 2, 3 and 4 
bar SF, absolute. -c: o v  
Department of Electrical Engineering, 
University of the Witwatersrand, 
Johannesburg. 
ABSTRACT 
Disconnector switch operation in GIS generates VFT 
voltages in the system. It is important, for insulation 
co-ordination purposes, to obtain accurate VFT v-t 
data for typical gap geometries found in GIs. This 
paper presents experimentally obtained W T  v-t data 
for a 180/1 lOmm co-axial gap. The VFT has a time to 
first peak of 35 ns and a oscillation frequency of 13,6 
MHz. Due to the location of the voltage divider in a 
compartment adjacent to the gap, a correction factor 
of 1,l is used to relate the measured breakdown 
voltage to that in the gap. Positive polarity VFT v-t 
data is presented for 1, 2, 3 and 4 bar absolute and 
negative polarity VFT data for 3 and 4 bar absolute. 
Two methods of generating the VFT's are used. The 
first is to power up the test transformer at power 
frequency. The second is to generate a switching 
impulse by discharging a capacitor into the primary of 
the test transformer. 
in systems below the lightning withstand level of the 
system [ 11. 
The VFT in Figure 1 rises to its first peak in 
approximately 35 ns with a damped oscillatory tail of 
frequency 13.6 MHz. The rise time of the first step is 
dependent on the gas pressure in the disconnector and 
its magnitude is dependent on the ratio of the surge 
impedance's on ether end of the disconnector switch 
contacts and the magnitude of the applied voltage. 
The initial step has a rise time of less than 5 ns. When 
flashover occurs across the disconnector gap, 
travelling waves are transmitted from the switch in 
both directions along the GIs. At any impedance 
discontinuity (spacers or joints between adjacent 
sections etc) part of the travelling wave will be 
reflected. The reflected and transmitted waves sum to 
form the complex VFT wave. The characteristics of a 
particular VFT are unique to a particular vessel 
configuration. 
1. INTRODUCTION It is necessary to obtain accurate VFT v-t data for a 
2.1. Experimental set-up 
The test pole used is the same as that used by 
Reynders and Traynor [2]. It consists of industrial 
grade GIS sections. The test gap is a 180/11Omm 
coaxial geometry. The test pole is shown in Figure 2. 
A capacitive voltage divider in an adjacent 
disconnector chamber is used to measure the 
generated VFT voltage waveform. The voltage 
divider has a division ratio of 235 000 : 1. The 
divider and oscilloscope combination have a 
bandwidth of 500 MHz. 
2.2. First method of VFT generation 
VFT's were generated by energizing one section of 
the test set-up using a gas insulated transformer, 
energised a power frequency and then closing the 
disconnector switch onto the un-energized section of 
the vessel. The control and protection system makes 
use of series and parallel thyristor banks and has been 
described elsewhere [3]. Due to the intense 
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Figure 2: Test pole for VFT generation 
electromagnetic radiation produced by the discharge 
across the disconnector contacts, it was found that 
the control system became unstable at elevated 
voltages. As a result of this VFT v-t data could only 
be obtained up to pressures of 2,5 bar absolute [4, 51. 
The polarity of the VFT was controlled by the 
polatity of the inner contact of the disconnector and 
hence polarity was changed by changing the 
orientation of the switch. Once again, this proved to 
be highly unpredictable, particularly as the voltage 
was raised. 
2.2. Second method of VFT generation 
This method of VFT generation relies on producing a 
slowly rising switching impulse out of the secondary 
of the transformer and letting the disconnector gap 
flashover to produce the VFT [6]. The switching 
waveform is generated by discharging a capacitor 
?to the primary of the transformer. A 142 pF 
capacitor bank with a rating of 2500V was charged 
up to approximately 1800 V. A high voltage 
contactor is used to switch the charged bank onto the 
primary windings of the test transformer. This 
causes a steep-rising voltage across the primary 
windings, which is stepped up to the terminals of the 
secondary winding. The inductance of the 
transformer slows this injected voltage to a switching 
impulse with a rise time of lms at the secondary 
terminals. 
The disconnector contacts are left open at a 
predetermined spacing. The disconnector contacts 
flashover producing the VFT. The peak amplitude of 
the VFT is proportional to the voltage across the 
disconnector prior to breakdown across its contacts. 
A higher disconnector chamber gas pressure would 
permit the generation of higher voltage VFTs for the 
same contactor opening. 
This method of VFT generation has the following 
advantages: 
1. There is no need for the bulky and complex 
control system and its associated series and 
parallel SCR combinations to protect the 
transformer. 
2. 
3. 
b 
4. 
5.  
The power requirements are quite low. Only the 
capacitors need to be charged. 
The charging voltage can remain constant and 
the disconnector alone can be used to control the 
magnitude of the VFT’s. 
VFT’s with peak magnitudes up to 1.5 MV can 
be readily produced. Hence v-t data can be 
obtained up to pressures of 5 bar absolute for the 
vessel concerned. 
Reversing the polarity of the diode in the 
rectifying circuit changes the polarity of the 
generated VFT’s. VFT’s of the chosen polarity 
are guaranteed. 
3. GENERATED VFT V-T DATA 
The method used to plot the V-t data is that proposed 
by Reynders [7].  The highest voltage before or at 
breakdown is plotted as a function of the time to 
breakdown. 
3.1. Correction factors 
Due to the voltage divider not being located at the 
point of breakdown, an EMTP study was conducted 
to determine the correction factor so that the test-gap 
voltage could be accurately determined. A factor of 
1.1 emerged from the study [ 5,8]. 
3.2. Test results 
Corrected positive polarity data is presented for 1, 2, 
3 and 4 bar absolute in Figures 3, 4, 5 and 6 .  
Corrected negative polarity data is presented for 3 
and 4 bar absolute in Figures 7 and 8. The predicted 
streamer breakdown values for the 180/110 mm gap 
are 251 kV, 494 kV, 736 kV, 977 kV and 1 217 MV 
for 1,2,3,4 and 5 bar absolute, respectively. 
4. DISCUSSION 
The tails of the measured VFT v-t data lie 
significantly below the calculated streamer 
breakdown value for pressures above 1 bar. This 
issue has been explored in detail elsewhere for 
smooth and rough busbar surfaces [9]. Breakdown 
on the tail of the wave is much too slow for streamer 
1.203.P4 
breakdown and will be by the leader mechanism. 
The mechanism is further complicated by the 
oscillations on the tail which contribute to a 
reduction in the leader inception voltage and it is not 
surprising that the simple streamer criterion is an 
inadequate predictor of the minimum breakdown 
voltage. 
This indicates that positive breakdown takes place 
immediately after the critical voltage as been reached 
and that the formative time lag is minimal. 
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Figure 3: 1 bar positive polarity VFT V-t data 
generated using the first method. 
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Figure 4: 2 Bar positive polarity VFT V-t data 
generated using the first method. 
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Figure 5: 3 bar positive polarity VFT v-t data 
generated using the second method. 
The flatness of the positive polarity v-t curves, in 
comparison with negative curves is very evident. 
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Figure 6: 4 bar positive polarity v-t data generated 
using the second method. 
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Figure 7: 3 bar negative polarity VFT data 
generated using the second method. 
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Figure 8: 4 bar negative polarity generated using 
the second method. 
5. CONCLUSIONS 
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A method of producing VFT's, which is 
inherently simple and robust, has' been 
demonstrated. 
This method has enabled VFT v-t curves for 
voltage ranges fiom 700kV - 1 600kV to be 
measured in a 180/11Omm cylindrical duct in 
SF6. 
The equipment needed for the generation of the 
VFT's is simple and can be configured in a 
small area in a short time. 
This method is well suited to on site testing. The 
limiting factor is the insulation level of the test 
transformer, whch could be a standard voltage 
transformer. 
v-t data for a 180/110-mm co-axial gap in SF6 
are presented for positive polarity at pressures 
of 1, 2, 3 and 4 bar absolute and negative 
polarity at pressures of 3 and 4 bar absolute. 
The flatness of the positive VFT V-t data with 
respect to the negative data is evident. This 
indicates that breakdown takes place soon after 
the critical voltage for breakdown has been 
reached, 
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